ABSTRACT Host-plant preferences were assessed by Þeld measurement of grasshopper abundance in relation to measurements of ßoral community and by laboratory host-plant preferences. Correlations between grasshoppers and plants (biomass and percentage cover) were based on data gathered at 29 study sites in Þve distinct Florida habitats (including disturbed, freshwater marsh, high pine, oak hammock, and swamp). Relationships among plants in these habitats and 10 abundant grasshopper species were examined to clarify differences in grasshopper assemblages among habitats. The grasshoppers studied were Aptenopedes sphenarioides Scudder, Chortophaga australior (Rehn and Hebard), Eritettix obscurus (Scudder), Melanoplus bispinosus Scudder, Melanoplus querneus Rehn and Hebard, Paroxya clavuliger (Serville), Schistocerca americana (Drury), Schistocerca ceratiola Hubbell and Walker, and Spharagemon crepitans (Saussure). In addition to correlations among individual plants and the abundance of grasshoppers, multiple regression analysis was used to assess how groups of plants were related to grasshopper abundance. These analyses identiÞed grasshopper-plant associations, but some plants were found to be host plants, whereas others were indicators of preferred habitats (indicator plants). Host-plant preferences were determined in the laboratory using Þve plant-choice tests to help distinguish between host and indicator plants. The 10 grasshopper species examined for laboratory host-plant preferences were the same species scrutinized in the Þeld study. In almost every case, grasshoppers showed speciÞc plant preferences, and the preference studies successfully distinguished between host plants and indicator species. Similar results were obtained whether biomass or percent cover measurements were used to assess the ßoral community, although percent cover is much easier and faster to determine.
While many individual factors are important to the composition of grasshopper assemblages, they are of secondary importance to the presence of host plants. Grasshoppers are rarely found in habitats where their host plants are not available (Anderson 1964) . Grasshoppers tend to aggregate in areas where the preferred host plant is present and achieve maximum biotic potential by feeding on them. In many cases, the life cycle of a grasshopper species is tied closely to the life cycle of its primary host plant, and when the plant disappears, the grasshopper population declines precipitously (Isley 1937) . These Þndings indicate that grasshoppers have evolved and adapted to the seasonal history of preferred host plants and have achieved a temporal and spatial isolation (Mulkern 1967) . Therefore, the distributions of grasshoppers are directly correlated with the life cycles of their host plants (Fielding and Brusven 1992) . Friauf (1953) in North America and Kaufmann (1965) in Europe both found that grasshoppers could be classiÞed according to habitat preferences. However, because of their polyphagous nature and mobil-ity, these classiÞcations did not always hold true (Blatchley 1920 , Friauf 1953 , Otte 1981 , 1984 . Recently, the works of Squitier and Capinera (2002b) and Capinera et al. (2001) have gone a long way to describing the relationships between common Florida habitat types and the grasshopper assemblages found in them. In this study, we attempted to link speciÞc plants or groups of plants within these habitat types to certain grasshoppers to further deÞne the grasshopper/plant relationships within these communities.
Studies involving differential feeding trials have been shown to be very effective in determining food preferences, as well as the degree of selectivity (Mulkern 1967) . The grasshoppers of Florida and their food preferences have not been well studied. However, in recent years, some food preference data have been acquired (Capinera 1993 , Scherer 1997 , Squitier and Capinera 2002a .
The goal of this study was to determine and evaluate the food preferences of several grasshopper species from different Florida habitats using differential feeding trials and host/habitat associations. The grasshoppers studied were among the most abundant in their habitats. The structural characteristics of grasshopper mandibles were also determined for the grasshoppers collected in Þeld studies.
Materials and Methods
Host Plant Preferences. The grasshoppers evaluated in laboratory host preference studies were collected from various habitats, including scrub, oak hammock, disturbed, swamp, and freshwater marsh. The food preferences of Aptenopedes sphenariodes Scudder, Chortophaga australior (Rehn and Hebard), Eritettix obscurus (Scudder), Melanoplus bispinosus Scudder, Melanoplus querneus Rehn and Hebard, Paroxya clavuliger (Serville), Romalea microptera (Beauvois), Schistocerca americana (Drury), Schistocerca ceratiola Hubbell and Walker, and Spharagemon crepitans (Scudder) were evaluated. The grasshoppers used in this study were collected in the Þeld using sweep nets and were maintained in the laboratory. They were kept in 0.3 by 0.3 by 0.3-m wire mesh cages at a constant temperature of 32ЊC and at a relative humidity of 40 Ϯ 10% while being exposed to 14-h days and 10-h nights. Every 2 d, the grasshoppers were supplied with romaine lettuce and bahiagrass, Paspalum notatum Fluegge, except S. ceratiola, which was provided with fresh sprigs of Florida rosemary, Ceratiola ericoides Michx. Fresh water and a dry meal consisting of two parts wheat bran, one part soy powder, and one part whole wheat were also provided.
All of the plants tested were harvested from the habitat in which the grasshoppers were found, allowing for grasshoppers to be accurately tested with ßora naturally occurring in their communities. The grasshoppers were given a choice of Þve plants of roughly equal volume, arranged at equal intervals inside the cages described above. The amount of vegetation for each choice averaged Ϸ0.90 g for all tests. The combination of plants for each treatment was chosen randomly. The number of grasshoppers released in each testing cage was dependent on the average size of that species. Only adult grasshoppers were used in this study. If a grasshopper species was Ͼ32 mm in length (P. clavuliger, R. microptera, S. americana, S. ceratiola, and S. crepitans) , 6 individuals were released into the cage, whereas for grasshoppers Ͻ32 mm (A. sphenarioides, C. australior, E. obscurus, M. bispinosus, and M. querneus) , 10 grasshoppers were placed in the cages. Turgidity of the plants was maintained by placing them in cool water immediately on clipping. Sections of the original cuttings were cut and placed in small plastic cups Þlled with water and sealed with plastic tops containing holes cut in the center. The cups were buried in sand contained in circular plastic tubs, leaving only the plant cuttings exposed above the sand. This allowed grasshoppers that typically feed from the ground to do so rather than climbing to access plant material before feeding. Each trial consisted of Þve plants, all of different species, arranged equidistant from each other. For each replicate, placement of plants was randomized. Four of the species were common to the habitat type; the Þfth species was bahiagrass. The uniform standard by which other preferences could be judged was bahiagrass. This standard was present in each of the primary test trials. Each arrangement of plants was replicated 10 times. A light bulb located to one side was provided for light and heat. and overhead ßuorescent lighting helped to even out the lighting. Randomization of plant material eliminated any effect of the light/heat source on feeding.
Grasshoppers were not starved before being tested, limiting the possibility of grasshoppers feeding on nonpreferred plants because of extreme hunger. The experiment was allowed to run until the grasshoppers had consumed Ͼ60% of one or more of the Þve plants. If the grasshoppers had not consumed Ͼ60% of any plant after 24 h, the experiment was terminated. A scale of 1Ð5 as described by Capinera (1993) was used to visually estimate the amount of vegetation consumed, with 1 representing 0Ð20% consumed, 2 representing 21Ð40%, 3 representing 41Ð60%, 4 representing 61Ð80%, and 5 representing 81Ð100% consumed. The environmental conditions used during rearing, as described previously, remained the same during experimentation. When enough replications had been run to determine at least Þve preferences, the Þve most preferred plants were placed together in secondary choice tests. The plants used in this study, including common names and authors, are listed in Table 1 .
The consumption values for each set of plants were analyzed for each grasshopper species using a one-way analysis of variance (ANOVA). The means for each grasshopper species trial were compared using the Student-Newman-Keuls mean separation test (SAS Institute 2001) .
Host Associations. Twenty-nine sites in 10 counties of north-central Florida were surveyed in this study. Most of north-central Florida is a mosaic of ßatwoods, high pine, and scrub habitats, with strands of swamp snaking through it. Freshwater marshes and seasonal ponds are not uncommon in these areas. Counties ventory (1990) . Sites were chosen for their uniformity and even distribution of plant material in an effort to avoid areas with large plant aggregations that could skew the results. At each research site, a block of 100 by 100 m was partitioned. Within each block, seven 0.5 by 0.5-m sample units were disbursed at random throughout. These 0.5-m 2 squares were made of 1.25-cm-diameter PVC pipe. Once the square had been placed, each plant within the borders of the square was identiÞed, and its percent cover within the square was determined (Daubenmire 1959) . Next, all the plants within the squareÕs perimeter were clipped, separated by species, and placed in paper bags. These plants were later dried to a constant weight in the laboratory and weighed to determine biomass. Overstory vegetation was not included.
Sample size might seem inadequate to characterize an entire plant community; however, variability within sites was not that great. For example, variance between the percent cover of Aristida beyrichiana in the six high pine study sites was only 83.4%. Also, in the 12 disturbed habitats, there was a variance of only 110.48% for the percent cover of Conyza canadensis, a key component of disturbed habitats in north Florida. A very common grass in swamp habitats is Chasmanthium laxum, which had a percent cover variance of only 177.3% within all study sites. In oak hammocks, the variance of the percent cover of Quercus hemisphaerica was 90.3% between sites. Therefore, we felt that seven samples were enough to characterize the plant communities and relate them to grasshopper abundance.
Grasshopper diversity was determined by sampling within the 100-m 2 plot at each site. The relative grasshopper abundance was estimated by walking a transect 100 m long by 1 m wide, counting and collecting each grasshopper with a 36-cm-diameter insect net as they ßushed (Scherer 1997, Squitier and Capinera 2002b) . If there were Ͻ40 grasshoppers per transect, three 100-m transects were walked to collect enough grasshoppers for accurate estimations. This transect was positioned randomly within each plot. The net was used as a wand to ßush grasshopper in higher vegetation as suggested by Onsager and Henry (1977) . However, in most cases the vegetation was low and not very dense.
All grasshoppers and plants were collected from each study site in a single day, with some rearing and identiÞcation done later in the laboratory. Each study site was sampled one time. Grasshoppers were collected, and their densities were estimated when the ambient temperature was the highest, between 1200 and 1600 hours. Correlation analysis between some of the abundant grasshopper species (the same 10 species used in host plant preference studies) and plants were determined followed by multiple regression analysis to assess the relationship between grasshopper abundance and speciÞc plants ( MINITAB Statistical Software 2000) .
Results and Discussion
In this study, 37 grasshopper species were collected from Þve habitats. During the course of sampling, 111 plant species were identiÞed and collected. Both the percentage cover and biomass of the plants collected at each study site were determined to further deÞne the structure of the plant community. By collecting from a number of locations and habitats, signiÞcant correlations (P Ͻ 0.05) between 10 common grasshopper species and plants were determined (Table 2) . Multiple regression analysis was used to further describe the relationship between the plants and these 10 grasshoppers (Table 3 (Squitier and Capinera 2002b) . Host Plant Preferences. Virtually all grasshopper species showed some degree of preference among the plants presented in each Þve-choice test (Table 4) .
The species examined from freshwater marsh habitats were A. sphenariodes and P. clavuliger. Freshwater marshes are usually wet, treeless areas in which emergent grasses and forbs dominate.
Aptenopedes sphenariodes showed a deÞnite preference for Elephantopus elatus followed by Erechtites hieraciifolia, Pityopsis graminifolia, Fuirena squarrosa, and P. notatum. A. sphenarioides can be found in most of FloridaÕs habitat types; however, they seem to be most abundant in freshwater marshes and lakeside habitats (Squitier and Capinera 2002b ). In the case of A. sphenarioides, the obviously forbivorous mandibles are at odds with their mixed feeding behavior (Smith and Capinera 2005) . While A. sphenarioides preferred E. elatus, they did feed on some grasses as well, including P. notatum, and especially F. squarrosa. E. elatus is uncommon in freshwater marshes, where the related Elephantopus nudatus is much more common, but E. elatus can be found on the dry sandy outskirts of these areas. F. squarrosa is an emergent sedge very common in the marsh itself, often forming a dense mat in the more shallow areas. P. notatum can be found at the very edge of the waterline and all along the banks of these areas.
Paroxya clavuliger showed a preference for Limnobium spongia followed by F. squarrosa, Sagittaria lancifolia, Sesbania exaltata, and P. notatum. P. clavuliger is known to feed on Typha latifolia (Scherer 1997, Squitier and Capinera 2002a ) but did not seem so inclined in this study. Again, this species displayed forbivorous-type mandibles (Smith and Capinera 2005) , but did choose to feed on F. squarrosa in one test. Overall, however, P. clavuliger seemed to prefer forbs, particularly L. spongia, a very common emergent plant in freshwater marshes.
The three species examined from disturbed habitats were C. australior, M. bispinosus, and S. americana. Disturbed habitats have a very large and diverse ßoral complement. These habitats are typically found in roadside areas or fallow Þelds in the Þrst stage of ecological succession. Annual and perennial grasses and forbs dominate these areas.
Chortophaga australior showed a preference for Eleusine indica followed by Digitaria ciliaris, P. notatum, Amaranthus spinosus, and Cenchrus echinatus. C. australior showed an almost universal preference in choice tests for commonly occurring grasses, particularly E. indica, with the exception of A. spinosus, which is a common forb. Their mandible morphology suggests a mixed diet (Smith and Capinera 2005) , which is reinforced by the data obtained in choice tests.
Melanoplus bispinosus showed a preference for Richardia scabra followed by P. notatum, Gnaphalium pensylvanicum, Brassica kaber, and Digitaria bicornis. M. bispinosus also preferred a mixture of grasses and forbs in choice tests, namely R. scabra and P. notatum, both very common in this habitat. Once again, these Þndings are supported by their herbivorous mouthpart morphology (Smith and Capinera 2005) .
Schistocerca americana was the most extensively studied species in this report. S. americana showed a preference for Digitaria ischemum and Chamaesyce hyssopifolia, followed by S. exaltata, Smilax bona-nox, Cyperus esculentus, C. echinatus, Chamaecrista fasciculata, Panicum maximum, Panicum hemitomon, and P. notatum. S. americana is one of the few grasshoppers examined in this study for which there is some feeding data recorded. These grasshoppers can be found in almost every habitat in Florida (Squitier and Capinera 2002b) , and they display herbivorous mandibles (Smith and Capinera 2005) . Capinera (1993) found that, while S. americana fed readily on P. notatum, they quickly moved to feed on other, more preferred plants, including crabgrass (Digitaria spp.), and later in the season, to spurge (Chamaesyce spp.). Scherer (1997) also found that S. americana showed an inclination to feed on P. notatum. In this study, both D. ischemum and C. hyssopifolia were preferred host plants. As found by Capinera (1993) , when faced with obviously nonpreferred plants, S. americana would feed freely on P. notatum. Throughout the growing season, both P. notatum and most Digitaria species are common in disturbed areas. Later in the season, C. hyssopifolia becomes a dominant forb.
Eritettix obscurus and S. ceratiola were collected from high pine habitats. This type of habitat is dominated by an overstory of Pinus palustris or Quercus laevis and a very open understory supporting a large number of grasses, primarily A. beyrichiana. This ecosystem is common throughout central and north central Florida, and E. obscurus is one of the most dominant grasshoppers found there.
Eritettix obscurus fed exclusively on P. notatum and A. beyrichiana, with a clear preference for A. beyrichiana. As Blatchley (1920) noted, these grasshoppers live on or within clumps of wiregrass, and choice tests showed this to be a major food source. E. obscurus deÞnitely preferred A. beyrichiana, and to a lesser degree, P. notatum. These preferences coincide with other studies of Gomphocerinae in which they seemed to be mostly graminivorous (Isley 1944 , Gangwere 1965 , Joern 1983 . The fact that their mandibles apparently evolved for grass feeding reinforces these Þndings (Smith and Capinera 2005) .
Schistocerca ceratiola refused all plants except C. ericoides, lending credence to the long-suspected theory that they are completely monophagous (Capinera et al. 2001) . They rejected all other plants presented to them. C. ericoides is found only in extremely xeric sandhill ecosystems such as scrub and high pine. While not usually a dominant plant in these areas, it can be quite common under the right conditions. Because C. ericoides is the only plant on which S. ceratiola feeds, their forb-feeding mandibles seem appropriate (Smith and Capinera 2004) .
From swamp habitats, M. querneus and R. microptera were examined. Swamp habitats are usually found along rivers and streams and contain standing water at least annually. Trees that typify these areas are cypress, palms, maples, and sweetgums. Vines, epiphytes, and tall grasses are also features of swamps.
While grasshopper diversity is quite low in these areas, M. querneus is very common within them in northern Florida and southern Georgia. M. querneus Romalea microptera is another well-studied grasshopper species and can be found in a number of moist habitats. This species displays the classic forbivorous mandible structure (Smith and Capinera 2005) . In choice tests, R. microptera only palpated grasses cursorily before moving on to other more palatable plants. R. microptera has been documented to prefer Sagittaria (Squitier and Capinera 2002a) and Smilax (Scherer 1997 (Smith and Capinera 2005) . Neither of these plants is particularly common in oak hammocks; however, S. crepitans was disinclined to feed on any of the dominant Quercus species presented.
Most of the grasshoppers examined in this study have poorly understood host plant preferences. For many, this study is the Þrst documentation of their feeding behavior. With the exceptions of S. ceratiola, which seems to be entirely monophagous, and E. obscurus, which seems to be oligophagous, all grasshoppers examined in this study were polyphagous. However, even the polyphagous species displayed preferences.
As a whole, the order Orthoptera is considered to be polyphagous in nature. However, many studies carried out in the laboratory involving the presentation of several food types to grasshoppers, as well as Þeld observations, have proven that grasshoppers are quite selective when given a number of choices (Mulkern 1967) . Joern (1986) stated that, while most forbivorous grasshoppers are monophagous or polyphagous, most graminivorous grasshoppers are oligophagous.
Correlation of Grasshopper Abundance with Measures of Plant Community Structure. The grasshoppers examined from disturbed habitats were C. australior, M. bispinosus, and S. americana. C. australior showed the strongest positive correlation with Lepidium virginiana. This plant is a very common winter annual in almost every type of disturbed habitat (i.e., roadside, fallow Þelds, pastures, and old Þelds). Choice tests have shown that this is not a host plant of C. australior; therefore, we consider L. virginiana to be an indicator species, correlated with plants and habitats preferred by C. australior. Another plant that showed a high positive correlation with C. australior was C. echinatus. This grass is a common summer annual in disturbed habitats, usually dry sandy areas, and is a preferred host plant of C. australior.
Melanoplus bispinosus showed the strongest positive correlation with C. canadensis. C. canadensis is a very common forb in the summer and fall in almost every type of open disturbed habitat throughout northern Florida. M. bispinosus showed no inclination to feed on C. canadensis in choice tests, so this plant is considered to be an indicator species. R. scabra, a common summer annual and a known host plant of M. bispinosus, was also highly correlated with the abundance of this grasshopper.
Schistocerca americana was highly correlated with both A. spinosus and Sorghum halepense, both common plants throughout the growing season. Schistocerca americana did not feed on A. spinosus in choice tests, and S. halepense was not tested. Another plant highly correlated with the occurrence of S. americana was Sorghum bicolor, a very close relative of S. halepense. While not a preferred food plant in choice tests, S. americana did feed on S. bicolor to some degree.
The grasshopper species examined from freshwater marsh habitats were A. sphenarioides and P. clavuliger. A. sphenarioides abundance showed the strongest positive correlation with S. americanum. S. americanum is a common emergent reed in freshwater marshes and lakeside habitats and is usually seen in late spring and throughout the summer. This plant was not offered in choice tests; consequently, determinations as to its palatability could not be determined. Therefore, S. americanum was considered to be a possible indicator plant. Interestingly, Andropogon virginicus was also highly correlated with A. sphenarioides. A. virginicus does not occur in freshwater marshes but is a common perennial in disturbed and sandy woodland habitats. This seeming discrepancy can be explained by the tendency of A. sphenarioides to inhabit at least 10 distinct Florida habitats (Squitier and Capinera 2002b) . Although A. sphenarioides is usually most abundant in freshwater marshes and other hydric habitats, it does occur in many other habitats. This explains why they can be associated with plants outside of their preferred habitats.
Paroxya clavuliger abundance showed the strongest positive correlation with Cyperus odoratus. C. odoratus is a common sedge on the edges of, or within, freshwater marshes and roadside ditches where water level ßuctuations occur regularly. This plant can be considered an indicator species, because in choice tests, P. clavuliger did not consume it. However, other highly correlated plants found almost exclusively in freshwater marshes such as F. squarrosa, L. spongia, and T. latifolia are known host plants of P. clavuliger (Squitier and Capinera 2002a) .
The grasshopper species examined from high pine habitats were E. obscurus and S. ceratiola. Because of their restricted host range, both of these grasshoppers are somewhat anomalous among the Acrididae. The plant most highly correlated with E. obscurus was A. beyrichiana, which was one of only two plants that E. obscurus consumed during choice tests. In high pine habitats, A. beyrichiana is virtually ubiquitous year round but is not found in many other habitats. The fact that E. obscurus lives within, and feeds on, clumps of A. beyrichiana gives this grasshopper a very limited habitat range. Therefore, A. beyrichiana is an excellent indicator plant as well as a host plant for E. obscurus.
Schistocerca ceratiola, however, has an even more limited range in that it can only be found on, or in very close proximity to, C. ericoides. Therefore, whereas S. ceratiola may not be a dominant grasshopper in every high pine habitat in central Florida, in most cases where there is a large aggregation of C. ericoides, this grasshopper is abundant. The plant with the strongest positive correlation to S. ceratiola was Stillingia sylvatica, which, while not an abundant perennial, can only be found in high pine and sandhill communities. This plant is a major indicator for this habitat therefore is highly correlated with this specialized grasshopper. Naturally, S. ceratiola was also highly correlated with C. ericoides, and in choice tests, C. ericoides seemed to be the only plant S. ceratiola would consume. Therefore, C. ericoides can be considered both a host plant and an indicator plant for S. ceratiola.
Spharagemon crepitans was the only grasshopper examined from oak hammocks. Although this grasshopper will occasionally show up in high pine or scrub habitats, it usually is abundant only in oak hammocks. These habitats have a very low understory and are almost completely dominated by Quercus geminata, Q. hemisphaerica, and Q. incana. The lichen Cladina evansii is also very common on the soil surface in these areas. Therefore, it was inevitable that these plants were the most highly correlated with S. crepitans numbers. In choice tests, S. crepitans did not feed heavily on any of the plants presented to it, including Q. geminata and C. evansii; therefore, no host plant determinations could be made. Consequently, high concentrations of Quercus in the presence of C. evansii seemed to be the best indicator for these grasshoppers.
The grasshopper species examined from swamp habitats were M. querneus and R. microptera. M. querneus abundance showed the highest positive correlation with Panicum equilaterale. This grass is not commonly associated with swamp habitats; however, in north central Florida, many riverside swamps are actually found in quite sandy areas where P. equilaterale occurs. While not a host plant, this grass acts as an excellent indicator species for M. querneus, which seems to prefer higher sandy swamps, especially those associated with the Santa Fe River and its tributaries. M. querneus deÞnitely showed a preference in choice tests for C. reticulata, which was also highly correlated with this grasshopper. C. reticulata, like P. equilaterale, occurs in higher, sandy swamps associated with fast moving rivers.
Romalea microptera was also highly correlated with C. reticulata and, whereas Romalea did show a slight preference for this plant in choice tests, overall, this plant was considered to be an indicator plant rather than a host plant. However, S. bona-nox, which was also highly correlated with R. microptera, was readily fed on in choice tests and subsequently can be considered both an indicator as well as a host plant.
S. bona-nox is a very common vine in swamps, as well as other low wet areas with a thick canopy.
These aforementioned correlations were made between one grasshopper species and each plant occurring in their habitats. The grasshopper/plant correlations were remarkably similar when using either plant cover or biomass as a sampling method for estimating plant abundance. This is very signiÞcant considering the difference in time and effort involved in the two sampling techniques. Estimating the coverage of plants was done visually and, in most cases, very quickly. Contrasted with the clipping, bagging, drying, and weighing of plant material involved in determining biomass, it is obvious that using plant cover as an estimating technique for ßoral composition is more expedient and less strenuous for the researcher.
Multiple Regression Analysis of Grasshopper Abundance with Measures of Plant Community Structure. Aptenopedes sphenarioides is a common grasshopper found throughout Florida, as well as southern Georgia and Alabama. It can be found in numerous habitats. However, it is usually only abundant in lakeside and marsh ecosystems (Squitier and Capinera 2002b) . Multiple regression analyses of A. sphenarioides abundance in relation to plant cover suggested that S. americanum, P. hemitomon, E. hieraciifolia, and A. beyrichiana were the most important, whereas E. capillifolium, Smilax auriculata, and P. hemitomon were the most important, when considering plant biomass. These six plants explain most of the variability, with P. hemitomon occurring in both the percent cover and biomass analyses. Of these plants, only E. hieraciifolia is a known host plant, whereas both A. beyrichiana and P. hemitomon were rejected in choice tests. Also, because A. sphenarioides occurs in so many different habitats, the plants associated with it may be dominant in habitats other than freshwater marshes. E. capillifolium, E. hieraciifolia, and P. hemitomon can be found in disturbed habitats, as well as more hydric marsh habitats, whereas A. beyrichiana and S. auriculata are usually found in dry habitats associated with upland ecosystems. However, S. americanum is only found in wet marsh-like habitats. Therefore, in wet habitats, the presence of S. americanum, E. capillifolium, E. hieraciifolia, and P. hemitomon should point to the presence of A. sphenarioides. In drier, sandy habitats, the presence of A. beyrichiana and S. auriculata should strongly indicate the presence of A. sphenarioides.
Chortophaga australior is a common grasshopper throughout Florida and adjacent southern states. Although this grasshopper may occur in wooded areas, it is much more numerous in open, often disturbed, habitats (Squitier and Capinera 2002b) . Multiple regression analyses of C. australior abundance in relation to plant cover revealed that L. virginicum, C. echinatus, Oxalis stricta, and Ambrosia artemisiifolia were most important, whereas L. virginicum, O. stricta, Oenothera laciniata, and Indigofera hirsuta were the most important when considering plant biomass. These six plants accounted for most of the grasshopper variability, with L. virginicum and O. stricta occurring in both the cover and biomass analysis. Of these plants, only C. echinatus is a known host plant, and I. hirsuta was rejected in choice tests. All of the plants associated with C. australior can be found in disturbed habitats and were considered indicator species, especially when found together.
Eritettix obscurus is found only in peninsular Florida and inhabits upland ecosystems such as high pine and scrub habitats, where it can be quite numerous (Squitier and Capinera 2002b) . Multiple regression analyses of E. obscurus abundance in relation to plant cover indicated that A. beyrichiana and Pinus palustris were the most signiÞcant plants, whereas C. ericoides and P. palustris were the most important when considering plant biomass. These three plants explain most of the variability, with P. palustris present in both the cover and biomass analysis. Of these plants, A. beyrichiana is the only plant that E. obscurus consumed in choice tests, and C. ericoides was rejected outright. Because C. ericoides often occurs alongside A. beyrichiana, taken together, these plants are excellent indicators for the presence of E. obscurus. The association of P. palustris with E. obscurus is to be expected, given that P. palustris and Q. laevis are the dominant trees in high pine habitats.
Melanoplus bispinosus is commonly found in Florida north of Lake Okeechobee and its range extends to other southern states and as far west as Texas and Oklahoma. Although sometimes found in wooded habitats, this grasshopper is usually associated with disturbed, open habitats (Squitier and Capinera 2002b) . Multiple regression analyses of M. bispinosus in relation to plant cover suggested that C. canadensis, B. kaber, Polypremum procumbens, and C. echinatus were the most important determinants of abundance, whereas D. bicornis, Rubus cuneifolius, A. dumosus, and E. hieraciifolia were the most important when considering biomass. These eight plants explain most of the variability, with none of them occurring in both the cover and biomass analysis. M. bispinosus showed a preference for B. kaber and D. bicornis in choice tests, while rejecting C. canadensis and R. cuneifolius. All of these plants can be found in disturbed habitats, and taken together, are excellent indicators for M. bispinosus.
Melanoplus querneus can be found in swamps and hardwood hammocks throughout north Florida and parts of southern Georgia and Alabama. This grasshopper prefers woodland habitats, particularly near rivers or streams (Squitier and Capinera 2002b) . Multiple regression analyses of M. querneus abundance in relation to plant cover suggested that P. equilaterale and Ximenia americana were the most important, whereas R. cuneifolius was the most important when considering plant biomass. These three plants explain most of the variability in M. querneus abundance, with none occurring in the analyses of both plant cover and biomass. In choice tests, M. querneus did not show any preference for P. equilaterale, and neither X. americana nor R. cuneifolius were offered in choice tests. X. americana is usually associated with sandy environments; however, as explained earlier, many swamp habitats associated with alluvial systems in north Florida and southern Georgia are quite sandy and have a high elevation in relation to surrounding areas. R. cuneifolius is also found in sandy habitats, but can also be found in wetter swamp habitats as well as more disturbed areas. However, R. cuneifolius showed a strong negative correlation with M. querneus but did explain most of the variability in the regression equation when considering plant biomass, so this plant was not considered an indicator plant. While not preferred food plants, the presence of X. americana and P. equilaterale together is a good indication that M. querneus will be present.
Paroxya clavuliger occurs throughout Florida as well as most of the eastern United States. It is usually found in wet areas like freshwater and saltwater marshes as well as in lakeside habitats (Squitier and Capinera 2002b) . Multiple regression analyses of P. clavuliger abundance in relation to plant cover suggested that T. latifolia and Xyris elliottii were the most important, whereas E. capillifolium, F. squarrosa, and Sacciolepis striata were the most important when considering plant biomass. These Þve plants account for most of the variability, but none occur in both the plant cover and biomass analyses. Of these plants, only F. squarrosa was found to be a host plant in choice tests. However, Squitier and Capinera (2002a) found that P. clavuliger showed a preference for T. latifolia in choice tests. E. capillifolium was not considered to be a very good indicator species because it shows up in so many different habitats. However, S. striata and X. elliottii are usually found in open lakeside or marsh habitats, making them very good indicator species, and the probability of Þnding P. clavuliger increases considerably when F. squarrosa and T. latifolia are found in the same area.
Romalea microptera is found throughout Florida and the southern United States and as far west as eastern Texas. It seems to be most common in low, wet areas such as swamps and roadside ditches (Squitier and Capinera 2002b) . However, these grasshoppers disperse quite readily during their nymphal instars. Multiple regression analyses of R. microptera abundance in relation to plant cover revealed that C. reticulata and C. laxum were the most important, whereas P. equilaterale and Liquidambar styraciflua were the most important when considering plant biomass. Of these plants, C. reticulata was the only one that R. microptera preferred in choice tests. Although R. microptera usually fed on other plants presented to it, it did feed at least intermittently on C. reticulata. R. microptera was often found in areas with large numbers of M. querneus; therefore, while not a host plant, P. equilaterale was highly associated with R. microptera. L. styraciflua and C. laxum are almost always found in swamps or on the banks of streams and rivers. All of these plants are fairly habitat speciÞc, and Þnding more than one of them together is an excellent indication that R. microptera can be found there as well.
Schistocerca americana is found from Florida to southern Canada and throughout the midwestern this case, a plant highly correlated with a grasshopper was also highly correlated with other plants occurring in the presence of the same grasshopper. Therefore, a plant that may have been nonpreferred in choice tests was, in fact, highly correlated because of it being a characteristic of the preferred habitat. In this instance, the results varied greatly when either plant cover or plant biomass was sampled. These Þndings indicate that on a one-on-one basis between a plant and a grasshopper either sampling technique was sufÞcient to determine correlations. However, when linking multiple plants to speciÞc grasshoppers and complicating the overall model, the effectiveness of these techniques differs greatly.
Results from this study suggest that within preferred habitats the abundance of certain grasshoppers can be associated with certain plants. This relationship is sometimes based on nonpreferred host plants, although these plants are integral to the overall habitat choice. These grasshopper/plant associations help to explain the grasshopperÕs habitat preference by recognizing elements of plant communities that are linked (autocorrelated) to their abundance. For 10 grasshopper species and Þve habitats, the most important host plants and indicator plants were determined. This allows us to make more accurate predictions as to the presence or absence of certain grasshoppers within habitat types and provide insight into possible food plants. It also helps explain why not all examples of a particular habitat contain a completely predictable assemblage of grasshoppers.
